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processing resistivity data obtained from resistivity measurements 
carried out on the soil of interest. The processing usually entails 
applying the resistivity data as inputs to an optimisation function. 
This paper proposes an algorithm which utilises the square error as an 
optimisation function. Resistivity data from previous works were 
applied to test the accuracy of the new algorithm developed and the 
result obtained conforms significantly to results from previous works.  
 
model. 
I. INTRODUCTION 
HE effectiveness of any grounding system is a function of 
the type of soil in which the grounding system is installed. 
The major parameter of the soil which directly determines the 
overall resistance of the grounding system is the resistivity of 
the soil. The resistivity of a soil is influenced by the moisture 
content of the soil, the aggregate percentage of the different 
soil components and the ambient temperature of the soil 
environment [5]. 
For safe and effective operation of a grounding system 
either for the conduction of lightning current or electrical fault 
current, the resistance of the grounding system must be low, in 
order to prevent voltage build up along the current flow path 
which can result in lightning bypass to adjacent objects, the 
damage of electrical equipment or the risk of electrical shock 
to people. 
Therefore to design a good earthing system, the resistivity 
profile of the soil in concern must be well known, and this can 
be obtained by developing a model of the soil using resistivity 
values obtained from resistivity tests carried out on the soil. In 
order to achieve a good correlation between the design and the 
measured earthing system parameters [2], the data obtained 
from the soil model must be a true representation of the actual 
soil. This can be achieved by developing a working algorithm 
which tries to accurately fit the curve of the modelled 
resistivity values to the measured values. 
II. APPROACHES TO SOIL RESISTIVITY MEASUREMENT 
There are different methods of measuring the soil 
resistivity; the four point method is the most accurate of them 
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all. Two different variations of the four-point method are often 
used: [1] 
A. The Wenner Method [2], [3] 
a. Drive four equally spaced electrodes separated by a 
distance X, from each other into the soil to a maximum 
depth (Y) of about 5% of distance X. 
b. Inject a low frequency current (I) into the current 
electrodes C1 and C2  
c. Measure the earth voltage drop (V) across the two inner 
voltage electrodes 
d. The apparent average resistance of the soil is given by 
 
                          (1) 
 
The resistivity ρ in ohm metres is  
 
 ρ  	
                          (2) 
 
Since Y is about 0.1X it is assumed = 0. Hence ρ  2πxR 
(Ωm). 
 
 
Fig. 1 Electrode setup for the Wenner method 
 
e. Repeat the measurement with increasing values of X to 
determine the variation of resistivity with increasing 
depth. An analytical technique may then be applied to 
compute the resistivity of each layer for a multilayer soil 
structure or the average value may be assumed as the 
resistivity of the soil in general. 
B. Schlumberger Method [2], [3] 
This method comes in handy when there is an obstruction 
within facilities preventing the use of equal probe spacing or 
when it is impossible to have all four probes on the same 
straight traverse line. For large current probe spacing, this 
approach can be used to ensure that the potential between the 
two inner potential probes is of sufficient magnitude for easy 
detection by measuring instruments, by bringing the inner 
probes closer to the corresponding current probes. 
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Fig. 2 Electrode setup for the Schlumberger method 
 
a. The apparent average resistance of the soil is given by                        
 
The resistivity ρ in ohm metres     π  (Ωm)    (3) 
III. TWO LAYER SOIL MODEL 
 
Fig. 3 Two layer soil structure 
 
A two layer soil model for any given soil is said to have 
been developed when this three parameters are known: the 
resistivity of the upper layer, the resistivity of the lower layer 
and the height of the upper layer. To determine these 
parameters using the developed algorithm, initial values will 
first of all be assumed, and the best fit for the measured data 
will be obtained by using measured resistivity data from the 
soil in concern as inputs into an iterative process.  
The algorithm developed by this paper utilizes the square 
error as an error function in an iterative loop for generating a 
set of resistivity values which minimises the difference 
between the measured resistivity values and the calculated 
apparent resistivity values. This method was proposed by [4] 
which focused on genetic algorithm.  
In the model, value of the height of the upper layer (h) will 
range between 1  h  6. The program was developed using 
Visual basic as the GUI interfaced with Matlab as the model 
generator. For detailed understanding of the algorithm a sound 
knowledge of arrays as used by Matlab is required. The 
following formulas are required for developing a soil model. 
The apparent resistivity for a given electrode separation x, 
is given by 
 
!"   !
  #1  4 ∑ '(
)(* + ,
'(
)(* +
-./
 0                    (4)          
 
where n = Number of significant terms of the series (e.g. 1-15) 
The reflection coefficient: 
 
 1  223223                                      (5)  
For measured resistivity value 45 , given N numbers of 
resistivity measurements; for i = 1 to N, let the error function 
be defined as: 
 EF ρ1, ρ2, h   ∑ :;< =< ;< >?@</
            (6)  
IV. THE ALGORITHM DEVELOPED 
 
Fig. 4 Data acquisition section of the algorithm  
 
  
START 
Create arrays of measured 
resistivity values and 
electrode separation 
distance 
M = [Resistivity values]                     
X = [Separation distance] 
 
Size = Number of elements in 
array M 
Minval = minimum value in M 
Maxval = maximum value in M 
 Assume initial values of ρ1, ρ2 
Rho1 < Minval 
Rho2 > Maxval 
Limit1 = Rho1 
Limit2 = Rho2 
Monitor = 0 
  
H 
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Fig. 5 Resistivity data processing section A 
 
 
 
 
Fig. 6 Resistivity data processing section B 
No 
Yes 
j += 1 
If j <= 
size 
Height1 (count) = h 
h += 0.1 
If h <= 6 
Errorsum = Sum of each column of the Error matrix 
Abserror = Absolute value of the Errorsum elements 
Minerror = Minimum value in the Abserror vector 
D 
E 
Yes 
No 
C 
H 
A 
Monitor += 1 
Track = 0 
K = Solve equation (5) 
Count = 0 
Track += 1 
h = 1 
Count += 1 
j = 1 
Calcvalue (j , Count) = Solve 
equation (4) 
 Using Rho1 and the jth value 
of X i.e. X (j)  
 
Error (j, Count) =     )AB   CDEFGDEHI B ,   CJH.K AB +? 
 
D 
E 
B 
F 
Using the index of Minerror in 
Abserror add the column   
corresponding to the index in 
Calcvalue, to another matrix 
Resistivityset using Track as the index 
for storing the column in Resistivityset. 
Add values to these vectors 
 
Resistivity1 (Track) = Rho1 
Resistivity2 (Track) = Rho2 
Height2 (Track) = Height1(index) 
ErrorT (Track) = Minerror 
Decrement Rho2 by 0.5 
C 
World Academy of Science, Engineering and Technology
International Journal of Electrical and Computer Engineering
 Vol:8, No:11, 2014 
1762International Scholarly and Scientific Research & Innovation 8(11) 2014 scholar.waset.org/1307-6892/9999793
In
te
rn
at
io
na
l S
ci
en
ce
 In
de
x,
 E
le
ct
ric
al
 a
nd
 C
om
pu
te
r E
ng
in
ee
rin
g 
V
ol
:8
, N
o:
11
, 2
01
4 
w
as
et
.o
rg
/P
ub
lic
at
io
n/
99
99
79
3
  
 
Fig. 7 Algorithm section for evolving the resistivity model 
 
 
 
 
 
Fig. 8 Output section of the algorithm 
V. RESULTS 
Using data and experimental results from previous works 
for direct comparison, Tables I-III have been considered as 
inputs for the developed algorithm. Tables IV-VI show the 
result obtained using function F3 (square error) as published 
by [4] and the result obtained using this algorithm (EF). 
 
TABLE I 
EXPERIMENTAL DATA AS PUBLISHED BY [6] 
xi [m] ρL [Ωm] xi [m] ρL [Ωm] 
1 693.74 2.5 320  
2 251.62 5.0 245 
3 84.56 7.5 182 
4 37.64 10.0 162 
5 25.32 12.5 168 
  15.0 152  
 
TABLE II 
EXPERIMENTAL DATA AS PUBLISHED BY [2] 
xi [m] ρL [Ωm] xi [m] ρL [Ωm] 
2.5  451.6  1  136  
5.0  366.7  2  140  
7.5  250.2  4  214  
10.0  180.0  10  446  
12.5  144.2  20  685  
15.0  120.2  40  800  
20.0  115.5   
25.0 96.5   
 
 
 
 
 
 
 
 
Yes 
No 
Yes No 
Finalerror = minimum value in        
                     the Errorz vector 
Index2 = The index corresponding to  
                Minerror2 in vector ErrorT 
Add the column corresponding to index2 in 
matrix Resistivityset to another matrix 
Resistvalues using monitor as the index for 
storing the column in matrix Resistvalues 
Restore the initial value of Rho2 
Minerror2 = minimum value in              
                       Vector ErrorT 
If Rho2 
>= Limit1 
F 
Add values to these vectors 
Resistivity11 (Monitor)  =  Resistivity1 (index2) 
Resistivity22 (Monitor)  =  Resistivity2 (index2) 
Height3 (Monitor)   =  Height2(index2) 
Errorz (Monitor)  =  Minerror2 
Increment Rho1 by 0.5 
If Rho1 
<= Limit2 
A 
B 
G 
No 
STOP 
Index3 = The index corresponding to the position              
                 of Finalerror in vector Errorz 
Modelled resistivity = The column corresponding  
                                    to index3 in Resistvalues matrix  
Upper layer Resistivity = Resistivity11 (index3) 
Lower layer Resistivity = Resistivity22 (index3) 
Height of layer1 = Height3(index3) 
 
Modelled resistivity 
Upper layer Resistivity 
Lower layer Resistivity 
Height of layer1 
 
G 
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TABLE III 
EXPERIMENTAL DATA AS PUBLISHED BY [4] 
xi [m] ρL [Ωm] xi [m] ρL [Ωm] 
1  87.9 1  40.8 
2  62.8 2  40.3 
3 56.5 3 38.2 
4 37.7 4 32.7 
5  29.5 5  26.7 
6  26.4 6  24.5 
8 17.6 8 20.1 
10 15.7 10 17.6  
 
TABLE IV 
 RESULT COMPARISON (TABLE I) 
 F3  EF ρ1 [Ωm] 900.098  821.064 ρ2 [Ωm] 5.000  5.423 
h 1.094  1.100 
Error 0.079 0.0493 
 
TABLE V 
 RESULT COMPARISON (TABLE I) 
 F3 EF ρ1 [Ωm] 360.916  372.500 ρ2 [Ωm] 142.601  145 
h 2.875  2.700 
Error 0.008 0.0075 
 
TABLE VI 
 RESULT COMPARISON (TABLE II) 
 F3 EF Ρ1 [Ωm] 492.161  492.250 ρ2 [Ωm] 93.785  93.320 
h 4.379  4.400 
Error 0.011 0.0111 
 
TABLE VII 
 RESULT COMPARISON (TABLE II) 
 F3 EF ρ1 [Ωm] 124.957  124.500 ρ2 [Ωm] 1146.874  1133.500 
h 2.750  2.700 
Error 0.0151 0.0153 
 
TABLE VIII 
 RESULT COMPARISON (TABLE III) 
 F3 EF ρ1 [Ωm] 84.341  83.640 ρ2 [Ωm] 14.063  13.455 
h 2.229  2.300 
Error 0.031 0.0298 
 
TABLE IX 
 RESULT COMPARISON (TABLE III) 
 F3 EF ρ1 [Ωm] 42.186  43.020 ρ2 [Ωm] 13.495  13.660 
h 3.289  3.200 
Error 0.007 0.0069 
 
Figs. 9–14 are graphs comparing the apparent resistivity 
values (obtained from the algorithm) with the experimental 
resistivity values (Tables I-III). 
 
 
Fig. 9 Comparing the experimental resistivity values  of soil with the 
apparent soil resistivity corresponding to Table IV result 
 
 
Fig. 10 Comparing the experimental resistivity values of soil with the 
apparent soil resistivity corresponding to Table V result 
 
 
Fig. 11 Comparing the experimental resistivity values of soil with the 
apparent soil resistivity corresponding to Table VI result 
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Fig. 12 Comparing the experimental resistivity values of soil with the 
apparent soil resistivity corresponding to Table VII result 
 
 
Fig. 13 Comparing the experimental resistivity values of soil with the 
apparent soil resistivity corresponding to Table VIII result 
 
 
Fig. 14 Comparing the experimental resistivity values of soil with the 
apparent soil resistivity corresponding to Table IX result 
VI. CONCLUSION 
An algorithm for determining the parameters of a two layer 
soil model has been successfully developed and tested with 
resistivity data. The result obtained for each set of resistivity 
data are published in this paper and it shows that this 
algorithm which utilizes the square error function produces a 
reasonably accurate result when compared with previous 
works based on genetic algorithm.  
The time taken to determine the two layer soil parameters 
using this algorithm depends on the range of the resistivity 
values. For a wide difference between the highest and lowest 
resistivity value, the time taken may be significantly high, 
hence there is an opportunity to improve the algorithm by 
developing a time efficient version. 
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